The present work was undertaken in order to ascertain whether the nature of the protein mixture excreted in the different types of nephritis is related to the type and severity of the disease.
I. HISTORICAL
A summary of the early literature on the relation of albumiin to globulin excretion in the urine of nephritic patients has been given by Senator (1) and by Cloetta (2) . A general survey of the literature has been given given more recently by Gemll (3). Hoffman was the first to take up the work in detail. Using the early gravimetric methods in 1882 (4) he reported that any albumin: globulin ratio may occur in any type of nephritis, and the value of the ratio is dependent not upon the type of change in the kidney, but on the intensity of the disease processes. A low ratio signified a severe condition, a high ratio a mild one. The ratio was found to rise with recovery in acute nephritis. Lecorche and Talamon (5) found the ratio to decrease with increased severity of the disease.
CsatAry (6) found great fluctuations in the albumin: globulin ratio, but made a general statement that he found ratios below 1 in cases of amyloid kidney and above 10 in cases of contracted kidney. In severe cases the ratio fell. Cloetta (2) confirmed the work of Csatiry and reported low ratios in acute nephritis, with rise on recovery, and ratios usually over 10 in chronic nephritis. He found no relation between the albumin: globulin ratios in urine and in sernm. Joachim (7) reported a low ratio in amyloid kidney, a high ratio in contracted kidney. A rise in the ratio signified a good prognosis while a fall signified a poor prognosis. Paton (8) reported albumin fractions high in chronic nephritis and low in acute cases. He was unable to find high globulins in amyloid kidney, and was unable to form any conclusions on the relation of the urinary ratio to that of plasma. Dreser (9) reported that the ratio has no diagnostic importance. Gross (10) reported that the ratio varied and had no prognostic or diagnostic value. Strauss (11) reported that the ratio had no diagnostic value, and that it was mostly so different from that of serum that one would be led to believe that the protein excretion is a selective process of the glomerulus. Wallis (12) re-235   236   EXCRETION OF ALBUMIN AND GLOBULIN IN NEPHRITIS ported a low ratio in functional albuminuria and "leaky kidney," and a ratio of 6 in chronic and in toxic nephritis. Autenrieth (13) found a distinct prognostic value in the albumin: globulin ratio. In agreement with Hoffman (4) he found ratios under 5 to the accompanied by a poor prognosis.
The relation of urinary protein excretion to plasma protein concentration has been studied by a number of authors. Kisch (14) showed that when the total protein excretion was less than 1 gram per liter the total plasma protein was over 7 per cent. When the protein excretion increased, the plasma proteins fell below 7 per cent. Linder, Lundsgaard and Van Slyke (15) found that when the protein excretion exceeded 1 gram per day there was a reduction of the total concentration of protein and of the albumin: globulin ratio in the plasma, the plasma loss affecting chiefly the albumin. Kollert and Starlinger (16) found that when the amount of protein excreted exceeded 1 gram per liter of urine the serum protein fell below 8 per cent, and continued to fall with increased excretion. The serum albumin showed a progressive fall in the same manner, with increased protein excretion. In the case of globulin, however, it was found that the higher the globulin fraction rose in the serum the higher the percentage of globulin in the proteins excreted in the urine, so that the albumin: globulin ratio in the urine tended to decrease with the fall in the ratio in the serum.
II. METHOD FOR THE DETERMINATION OF PROTEINS IN URINE1
Albumin and globulin were separated by precipitating the latter with sodium sulfate, as in Howe's (17) technique for plasma protein separation. The separated proteins were determined by the colorimetric method of Autenrieth (13, 18) Magnesium sulfate was also tested for the precipitation of the globulins. Saturation with magnesium sulfate was found to give a greater precipitation of protein than did 22 per cent sodium sulfate. The presence of magnesium sulfate also decreases the depth of the color somewhat in the end reaction: it was necessary to remove the magnesium by precipitating the albumin twice with trichloracetic acid.
Since sodium sulfate gave a filtrate with a biuret equivalent of albumin equal to that of total protein, and since this same precipitant is used for the routine separation of the proteins in the plasma by Howe's method, we adopted sodium sulfate for precipitation of the urine globulins.
Reagents: 10 R being the depth of the protein solution matching 15 mm. of the standard. Precipitation of globulin: To 10 cc. of urine prepared as described above, add 10 cc. of 44 per cent sodium sulfate solution, mix well, and place in an incubator at 37°C. for 3 hours. Filter until a perfectly clear filtrate is obtained.
Albumin: With the filtrate from the sodium sulfate precipitation proceed as described under "total protein," performing the precipitation tentatively with a volume of filtrate equal to 4-fold that of the urine taken for total protein determination. Grams albumin per liter urine =-x * X R cc. filtrate used 369 R X (cc. filtrate used)
Globulin: The globulin is estimated by difference.
(Total protein) -(albumin) = (globulin). The mammum error of the method is about ± 1 per cent for total protein and for albumin.
Experiments on globulin precipitation In order to determine the solubility of globulin in 22 per cent sodium sulfate, globulin was prepared from horse serum according to the In order to test the optimum reaction for the precipitation of globulin with sodium sulfate, portions of urine were adjusted to pH 9, 7.4, 5.4, the isoelectric point of serum globulin, and 4.7, the iso-electric point of serum albumin. Figure 1 shows that between the isoelectric point of globulin and pH 9.0 the precipitation of protein is practically constant, while at the isoelectric point of albumin the amount of protein precipitated increases. For this reason the acid urines were adjusted to the alkaline side of neutrality. 4 , with a urinary albumin: globulin ratio of only 1.5 was not a pure nephrosis, but was complicated with pulmonary tuberculosis and amyloidosis. It has been pointed out by other authors (6, 7, 23) that amyloid degeneration is associated with a high output of globulin, resulting in a low albumin: globulin ratio in the urine. Csatary (6) reported ratios below 1. Joachim (7) reported a ratio of 1.4. Gross (10) found ratios varying from 0.5 to 5. Our results showed a constantly low urinary albumin: globulin ratio, ranging from 0.5 to 3.1, and averaging 1.5. 
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of total plasma protein with increase in the total protein excretion when the averages of protein excretion from a number of cases are considered. This finding is consistent with others in the literature, discussed previously.
In attempting to correlate the albumin: globulin ratio in the blood plasma with that in the urine, shown by figure 3, it can be said, in a general way, that the cases of nephrosis, area A, with high urine TABLE 6 Relation of total protein in the urine to totd protein in the blood plasma albumin: globulin ratios, tend to have lower plasma ratios, while the cases of chronic nephritis, area C, with low urine ratios tend to have the higher plasma ratios: the greater the proportion of albumin in the urinary protein loss the greater tends to be the albumin deficit in the blood plasma. The cases of acute nephritis, area B, fall irregularly between areas A and C. Case 10 shows the changes which occurred during recovery, from a low ratio in both urine and plasma in the initial stages to higher ratios in the stage of recovery. In this case the above general rule is reversed; urinary and plasma albumin: globulin ratios showed a parallel instead of a reverse change. Case 6, with nephrosis and amyloidosis, is also an exception. The plasma and urine ratios are both lower than any others observed. The general tendency towards an inverse relation between plasma and urine ratios would seem to point to excretion of one type of protein in the urine as at least a partial explanation for the loss of that protein in the plasma. In view of the deviations, however, it appears that other factors in addition to protein excretion are involved in the process of lowering the plasma proteins.
An attempt was made to correlate changes in the amount of protein excretion with changes in the volume of urine excreted, by recording daily excretions, 12-hour excretions, and hourly excretions. The results showed sometimes an increased protein excretion with increased volume, at other times no relationship, and, on a few occasions, the opposite effect.
The prognostic significance of the albumin: globulin ratio in the urine is shown in tables 4 and 7. Of the 4 cases with average ratios exceeding 10, one has recovered completely, while the remaining three show no signs of downward progress since the time of the original observations, which covers periods varying from 13 to 19 months (table 4) .
Of the 9 cases whose average albumin: globulin ratio in the urine fell between 5 and 10, two (nos. 13 values for the ratios found during the period of observation, as well as the averages, are shown in figure 2 . The variations from day to day in the ratios of some of the cases were fairly large.
This variation and the consequent overlapping shown in figure 2 are sufficiently great to invalidate conclusions from any single determination. The average of several days is required. The variations appear due to actual fluctuations in the proportions of albumin and globulin excreted, and not to errors in technique.
SUTMMARY
The albumin and globulin in nephritic urines have been separated with Howe's sodium sulfate procedure, the separated proteins being determined by a modification of Autenrieth's colorimetric use of the biuret protein reaction. A satisfactory standard for this method has been found in pure biuret.
The albumin: globulin ratio of the urine proteins was found usually above 10 in nephrosis; between 5 and 10 in acute nephritis, with a low ratio during the early stage followed by a higher ratio during recovery; usually below 5 in the advanced stages of chronic glomerular nephritis with urea retention and impaired kidney function. In one case of amyloid nephrosis the ratio was very low, 1.5, in accord with the previous literature.
The low ratios in advanced chronic nephritis were associated with low urea concentration indices and poor prognoses. Of 15 cases observed with average urinary albumin: globulin ratios below 5, all but 2 have died in less than 18 months, and these 2 have shown progressive decrease in renal function. BIBLIOGRAPHY 
